Context: Despite the growing use of on-line databases by clinicians, there is very little research documenting how effectively they are used. This study assessed the ability of medical and nurse practitioner students to answer clinical questions and attempted to identify factors associated with that ability. Objective: Identify the demographic, experience, cognitive, personality, search mechanics, and user satisfaction factors associated with successful use of an information retrieval system to answer clinical questions by medical and nurse practitioner students. Methods: A total of 29 students completed questionnaires of clinical and computer experience and tests of cognitive abilities and personality type. They then were administered three questions (randomly selected from a group of 20) to answer in a medical library setting using the MEDLINE database. Results: Successful ability to answer questions was associated with being a medical student, having experience in literature searching, and having higher standardized test score percentiles. Improvement in knowledge was seen equally across groups. Conclusions: This study demonstrated that while medical students, with their higher level of baseline knowledge, were able to answer clinical questions more effectively with a retrieval system, nurse practitioner students were able to improve their knowledge equally as well.
Introduction
A growing number of health care professionals and students are using on-line databases to answer clinical questions. Despite this increasing use, there is very little research documenting how effectively such databases are used. Much previous work, summarized by Hersh and Hickam [1] , has focused on measuring quantities of relevant documents using recall and precision. While achieving good recall and precision are not unimportant for users, these measures present an incomplete measure when trying to ascertain successful use of the IR system. In particular, they do not capture the interactive nature of actual use of systems [2] , they tend to focus the assessment on the system and ignore the user [3] , and they do not necessarily correlate with user success [4] .
One line of IR evaluation research has focused on the ability of users to perform tasks with the IR system. The premise is that the primary objective of the user is not to retrieve relevant documents, but rather to answer questions or obtain new knowledge. The first "task-oriented" evaluation of an IR system was performed by Egan et al. when evaluating the ability of students to answer questions on statistics using the SuperBook hypertext system [5] . Others subsequently used this general approach to evaluate the ability of college students to find information in a textbook on Sherlock Holmes [6] and of medical students to answer questions in an on-line factual database of microbiology [7, 8] . The interactive track at the Text Retrieval Conference (TREC) has also adopted a task-oriented framework to assess how well real users can retrieve information from the TREC test collection [9] . This approach has been used to assess medical students using on-line textbooks [10] and the MEDLINE database [11] .
The goal of this study was to expand upon the task-oriented approach and identify user and system factors associated with successful completion of a task, in this case the answering of clinical questions by medical and nurse practitioner (NP) students. (NPs in the United States practice medicine semi-autonomously with a supervising physician. Their training usually consists of a two-year master's degree-level preparation beyond basic four-year nursing education.) Our specific research questions were: 1. How well are health care personnel (in this case senior medical students and final-year NP students) able to use an IR system to answer clinical questions? 2. What demographic, cognitive, and personality attributes are associated with successful use of an IR system to obtain answers to clinical questions?
In addition to the demographic, experience, search mechanics, and user satisfaction factors typically measured in a human-computer interaction study, we also assessed several cognitive and personality factors. User prior knowledge and certainty of answer were also assessed.
Many studies have assessed the association of cognitive factors with computer skills, with the results decidedly mixed, precluding generalization. However, some of these factors have been shown in some studies to be associated with successful use of computer systems in general or retrieval systems specifically. These include: 1. Spatial visualization -The ability to visualize spatial relationships among objects has been associated with retrieval system performance by nurses [12] , ability to locate text in a general retrieval system [13] , and ability to use a direct-manipulation (3-D) retrieval system user interface [14] . 2. Logical reasoning -The ability to reason from premise to conclusion has been shown to improve selectivity in assessing relevant and non-relevant citations in a retrieval system [15] . 3. Verbal reasoning -The ability to understand vocabulary has been shown to be associated with the use of a larger number of search expressions and high-frequency search terms in a retrieval systems [15] . 4 . Associational fluency -The ability to associate words in meaning or context has been shown to be associated with effectiveness in using retrieval systems [16] .
Personality factors were measured using the Myers-Briggs Personality Test [17] . This test defines four axes of personality type. Although there are no studies assessing retrieval system usage or performance based on personality attributes, there have been a large number of studies showing their association with a variety of learning styles, achievement, and aptitude using the Myers-Briggs Personality Test [18] . Health professional student specialization choice has also been shown to correlate with certain personality types [19, 20] . For example, individuals pursuing primary care are more likely to have the "Extraverted Intuition with Introverted Feeling" (ENFP) personality type while those pursuing surgical specialties are like to have the "Introverted Sensing with Extroverted Thinking" (ISTJ) personality.
Methods
The main objective of this experiment was to determine any association of system and user factors with successful retrieval as measured by user ability to answer questions likely to be encountered in clinical practice. Senior medical students from Oregon Health Sciences University (OHSU) and NP students from OHSU and University of Portland (UP) were recruited for the study by electronic mail, paper mail, and, in the case of NP students, announcements in classes. Students were offered remuneration of $100 for successful completion of all tasks.
The experimental protocol consisted of two sessions. In the first session, demographic, cognitive, and personality test data were collected, followed by an orientation to the experiment and IR system. The second session consisted of hands-on searching in the OHSU Library. All searching was done using the Ovid IR system (Ovid Technologies, New York, NY) accessing MEDLINE as well as a collection of 85 full-text journals. Ovid uses a standard Boolean approach to build search sets based on individual search terms and then combine them using Boolean operators. A look-up features helps map text entered by the user into Medical Subject Headings (MeSH) terms. The version of Ovid used in this study features a World Wide Webbased interface and direct linkage between citations in MEDLINE and the full-text of the article when available. It also provided a logging facility that enabled all search statements to be recorded, along with the number of citations present and viewed by the user in each set. Searching was done using Apple PowerMac computers running Netscape Navigator.
The clinical questions for searching were obtained from three sources: 1. A collection of clinical reviews for which the topic was exhaustively searched and reviewedsystematic reviews from the Cochrane Data of Systematic Reviews (Update Software, Oxford, UK).
2. A set of questions generated by actual clinicians during the course of their practice that had been searched using MEDLINE and were known to contain answers therein [21] . 3. Modification of a multiple choice self-assessment questions from a continuing medical education resource -the Medical Knowledge Self-Assessment Program (MKSAP, American College of Physicians, Philadelphia, PA). A total of 24 questions were taken from each source. In the initial data collection session, subjects were each given a random sample of ten of the 96 candidate questions and asked to provide an answer and a measure of certainty of their answer on a one (most) to five (least) scale. The questions actually used for searching were selected from each source as follows. Questions were sorted according to the average certainty users had for their answer (each was answered three or four times). Starting with the question of least certainty, every third question was selected, along with the one having median certainty. This insured use of the full spectrum of the certainty scale. A sample question from each group is shown in Table 1 . *** Table 1 *** A model for the factors influencing clinical searching was developed from the previous work of others and is presented in Table 2 [22] . The first six of the ten categories of factors were obtained during the data collection session. The demographic, computer experience, searching experience, and computer attitude data were obtained via a questionnaire adapted from a previous pilot study of NP students [23] . *** Table 2 Following collection of data in the large-group session, the subjects were then provided an orientation to the searching task of the experiment. This was followed by a 30-minute demonstration and hands-on training with six basic MEDLINE searching features, including: 1. MeSH headings -manually assigned indexing terms 2. Text words -words in the title, abstract, or assigned MeSH terms 3. Explosions -inclusion via Boolean OR of narrower terms in the MeSH hierarchy 4. Combinations -appropriate application of the Boolean operators AND and OR 5. Limits -limiting search results to specified attributes, e.g., publication types such as review articles or randomized controlled trials 6. Scope notes -text in MeSH describing how term is appropriately applied by indexer The purpose of providing this instruction was to insure that subjects had a baseline of skills using MEDLINE and avoid the prominent learning effect seen in the pilot study [23] . The skills taught here are the same as those taught in medical informatics training courses for health care providers offered at OHSU and believed to be the basic skill set for MEDLINE searching by a health care provider.
The individual hands-on searching took place at a later date. Subjects reported to the OHSU Library and were seated at a computer reserved for their use during the experiment. During this session, they were asked to search on one question each, randomly selected, from the three groups of questions described above. Subjects were limited to one hour per question. Before searching, they were asked the answer and their certainty on a one (most) to five (least) certain scale for the questions they would be searching on. We chose to have students search on questions even if they knew the answer, since health care practitioners often seek answers questions to which they already know the answer in order to verify its correctness before making a serious clinical decision.
They were instructed to perform the search starting in MEDLINE and then seeking any articles either in the library stacks or the full-text collection available on line. They were asked to record on paper their answer, the certainty of their answer, which article(s) justified their answer, and any article that was looked at in the stacks or in full-text on the screen. Upon completion of the searching, they were administered the Questionnaire for User Interface Satisfaction (QUIS) 5.0 instrument, which measures user satisfaction with a computer system [25] . QUIS provides a score from 0 (poor) to 9 (excellent) on a variety of user factors, with the overall score determined by averaging responses to each item.
Searching time for each question was measured using a wall clock. All user-system interactions were logged by the Ovid system software. The search logs were processed to count the number of search cycles (each consisting of the entry of a search term or Boolean combination of sets) and the number of full MEDLINE references viewed on the screen. Table 3 lists the factors from Table 2 that were used in the analysis of results. The data were broken into two groups for analysis, per-searcher data for characteristics measured on the level of the individual and per-question data measured on the level of the search. *** Table 3 *** Per-searcher data analysis was performed using number of questions answered correctly as the dependent variable. Statistical significance was assessed by using chi-square tests for nominal and ordinal data and one-way analysis of variance (ANOVA) for continuous data. Per-question data analysis used correctness of the question as the dependent variable. Statistical significance was assessed by using chi-square tests for nominal and ordinal data and one-way analysis of variance (ANOVA) for continuous data.
Results
A total of 20 medical students and 9 NP students completed the study. The average score for three questions was searched was 1.38 before searching and 2.31 after searching, showing an average improvement of 0.93 with searching. Table 4 lists the rates of correct answers by presearching correctness and subdivided by medical and NP students. Twenty of the 89 questions remained incorrect after searching, including three which the subject had answered correctly initially. Table 5 lists the measured personal attributes for searchers overall (in the first column) and by school (medical students in the second column and NP students in the third column). The fourth column indicates statistical significance for the differences between medical and NP students. The NP students were more likely to be female and older, have less literature searching experience, and score lower on their standardized test percentile as well as all of the cognitive tests except FA-1. They also had a lower number of questions correct before and after searching.
The fifth column of Table 5 shows statistical significance for the differences associated with a higher number of correct answers irrespective of whether the searcher was a medical or NP student. Literature searching and standardized test percentile were significantly associated with question correctness, while higher VZ-2 scores showed a trend towards significance. There was also significant association between improvement in score and total score.
The final column of Table 5 shows statistical significance for the differences associated with a higher improvement in score before and after searching. There were no differences between medical and NP students, showing that the IR system improved the knowledge of both groups equally well. The V-4 test and Thinking-Feeling personality axis did show trends for statistical significance. Actual scores were not assessed since the better pre-searching score one had, the less they could improve by searching. *** Table 5 *** Table 5 lists the factors analyzed on a per-question basis. Knowing the answer ahead of time was associated with obtaining a correct answer. Higher certainty of correctness showed a trend toward correctness. The order of the question and time taken had no effect. The number of citations listed in the answer resulted in a higher likelihood of the answer being correct. *** Table 6 ***
Discussion
The research questions addressed by this study included an assessment of how well medical and NP students could use an IR system to improve their ability to answer clinical questions and what factors were associated with that ability. This study showed that both medical and NP students who used a state-of-the-art MEDLINE access system were able to improve their ability to answer questions. While the medical students had better overall scores, they also had higher baseline scores. But nonetheless, both groups showed that the system improved their rate of correct answers.
The most significant factors associated with successful question-answering were being a medical student, knowing the answer ahead of time, and having literature searching experience. There were no cognitive or personality factors nor measures of computer experience or attitude associated with success. While there was a trend toward fewer numbers of sets used and references displayed for correct answers, there was minimal difference in overall time taken or user satisfaction.
The data were also analyzed to determine if any factors were associated with the magnitude of improvement in questions correct before and after searching. There were no significant differences in any factor, indicating that students of all types (i.e., medical and NP) and other characteristics derive equal benefit from an IR system, at least as measured by this study. While it is reassuring that all users can benefit in their clinical practice from searching, we unfortunately did not uncover factors that could be used to guide improvements in systems that would lead to further benefits for users.
There were some limitations to our study. The use of students, albeit in late stages of their training, limits the generalizability of the results beyond those at their level. In future studies, community practitioners will also be included. This study was also limited by the laboratory setting, in that behaviors in the pursuit of actual clinical knowledge in the real clinical setting may be different than those exhibited in this controlled environment. However, the ability to use a defined set of tasks and questions provides a benefit that could not be obtained in the real world. A final limitation of the study was not incorporating the notion of users judging the quality of evidence for the information they obtained. Many advocate that being able to judge the evidence is critical skill [26] , and we plan to incorporate this task into future studies.
Nonetheless, our results demonstrate that IR systems are beneficial for both types of clinical practitioners by improving the ability to answer clinical questions. While those with higher baseline knowledge achieve higher absolute benefit, clinicians from the entire spectrum improve their knowledge equally. A variety of demographic, cognitive, and personality factors do not appear to impact the ability to use IR systems more effectively. Future work will focus on incorporating more types of clinicians, asking subjects to assess the quality of evidence, and looking for other user factors that are associated with better ability to use IR systems. If the latter can identified, then it may possible to enhance systems for more effective usability. 
